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RESTRICTION ANALYSIS OF THE RIBOSOMAL DNA
INTERNAL TRANSCRIBED SPACER REGION OF
CULEX RESTUANS AND MOSQUITOES IN THE
CULEX PIPIENS COMPLEX
BETTINA A. DEBRUNNER-VOSSBRINCK.' CHARLES R. VOSSBRINCK,'
MICHAEL H. VODKINT AND ROBERT J. NOVAICa
ABSTRACT, Members of the Culex pipiens Linn. complex in the eastern, southern, and central United
States are the primary vectors of St. Louis encephalitis virus. Although species and subspecies in the
complex can be identified as 4th-instar larvae and by characters on the male genitalia, adult females
cannot be identified accurately. In this study a ribosomal DNA (rDNA) segment that includes the internal
transcribed spacer region (ITS) was amplified from Culex pipiens pipiens Linn., Culex quinquefasciatus
Say, and Culex restuans Theobald. The DNA was amplified from single abdomens or single legs. The
amplified rDNA segment from C.r. restuans is 90 base pairs smaller than those from members of the Cx.
pipiens complex. Ribosomal DNA was amplified separately from 3 individuals for each population of
Cx. pipiens and analyzed by restriction digestion. Intrapopulation variation is seen, because for each
population, bands are present that are common to all 3 individuals within the population, but are also
unique to that population. These results indicate that this method may provide a means for distinguishing
among the mosquitoes in the Cx. pipiens complex.
INTRODUCTION
The primary epidemic vectors associated with
the transmission cycle of St. Louis encephalitis
virus (SLEV) are all members of the subgenus
Culex. ln the United States these mosquitoes in-
clude Culex tarsalis Coq. in the west, the Culex
pipiens complex in the eastern, southern, and
central States, and Culex nigripalpus Theobald
in Florida (Hammon and Reeves 1942, Reeves
et al. 1942, Chamberlain et al. 1964, Dow er al.
1964). The Cx. pipiens complex is composed of
2 species, Culex pipiens pipiens Linn. and Culex
quinquefasciatas Say, and a single subspecies
Culex pipiens pallens Coquillett (Knight and
Stone 1977; Harbach et al. 1984, 1985). Harbach
et al. (1984, 1985) synonymized both Culex pi-
piens molestus Forskal and Culex pipiens calloti
Rioux and Pech as behavioral/physiological var-
iants of Cx. p. pipiens. Two other members of
the subgenus Culex have also been implicated as
playing a role in the enzootic transmission
among vertebrate animals as well as epidemic
transmission of SLEV to humans. These two
species are Culex salinarius Coq. and Culex res-
tuans Theobald (Monath 1980).
Based on morphologic characteristics of adult
females, only C-r. tarsalis and Cx. nigripalpus
can be easily identified to species. The only re-
liable diagnostic characters that can be used to
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separate Cx. pipiens from Cx. quinquefasciatus
are the phallosome of the male genitalia (Belkin
1962), and the shape of the larval siphon (Car-
penter and LaCasse 1955). Altholgh Cx- sali-
narius and Cx. restuans have diagnostic char-
acteristics in the adult female (Carpenter and
LaCasse 1955), these characters are often lost
during sampling, transport, or aging. The prob-
lem of female identification is further compli-
cated in areas where Cx. pipiens and, Cx. quin-
quefasciatus are sympatric. Jacob et al. (1979)
used DV/D ratios to determine that 39-5OVo of
the Culex males collected in Memphis, TN, were
Cx. pipienslCx. quinquefosciarus hybrids. Sun-
dararaman (1949) deflned DV/D as the exten-
sion of the ventral arm of the phallosome be-
yond the intersection with the dorsal arm (DV)
relative to the distance between the dorsal arms
(D). Collections of the Cx. pipiens complex from
different sites in North America were analyzed
using the DV/D ratio, and a north-south cline
was found between the 2 subspecies (Barr
1957). Culex pipiens was found north of latitude
39T.{, and Cx. quinquefasciatus occurred south
of latitude 36'N. Both species and hybrids oc-
curred between the latitudes 36'N and 39'N.
Several investigators have used biochemical
techniques to characterize and distinguish mem-
bers of the Cx. pipiens complex. Cupp and Ib-
rahim (1973) used immunoelectrophoresis to de-
tect differences among Cx. pipiens, Cx. quin-
quefasciatus, and their hybrids. Cupp and lbra-
him (1973) were also able to distinguish C.r.
pipiens (molestus) from Cx. p. pipiens and Cx.
quinquefasciafzs. Saul et al. (1977) used poly-
acrylamide gel electrophoresis and a double
staining technique to distinguish among Cx. res-
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tuans, Cx. p. pipiens, and Culex territans Walk-
er. Preliminary work indicated that Cx. quinque-
fasciatus and Cx. salinarius could also be iden-
tified using this method. Cheng et al. (1982) de-
termined the biochemical genetics of the Cx.
pipiens complex through investigations of sev-
eral isoenzyme loci. All of these biochemical
techniques require that the specimen be sacri-
ficed.
Several investigations have utilized the ribo-
somal DNA (rDNA) locus to distinguish among
anopheline species. Two of the studies (Mclain
and Collins 1989, Collins et al. 1990) demon-
strated variability in this locus by Southern blot-
ting of DNA digested with a restriction enzyme.
An alternative strategy was developed by Porter
and Collins (1991). They sequenced the rDNA
from 2 sibling species and designed 2 species-
specific primers that yielded products of differ-
ent size.
In a recent report, Crabtree et al. (1995) used
the rDNA internal transcribed spacer (ITS) re-
gion to differentiate among Culex species. The
ITS region was amplified from 2 individuals of
each population studied in order to design spe-
cies-specific or population-specific primers. The
amplified DNA was cloned and 2 independent
clones from each individual were sequenced.
Based on this sequence information the authors
were able to design primers to differentiate
among Cx. salinarius, Cx. restuans, and Cx. p.
pipiens, but were not able to resolve Cx. p. pi-
piens from Cx. quinquefasciatus.
The objective of this study was to distinguish
among populations of the subgenus Culexby re-
striction analysis of the amplifled rDNA ITS re-
gion. We wished to develop a rapid assay that
could be done without destruction of the mos-
quito, leaving it available for genetic crossing,
morphologic analysis, or viral detection studies.
MATERIALS AND METHODS
Mosquitoes: Culex restuans was collected in
Illinois. Egg rafts were collected in the field and
reared to adults in the laboratory. Fourth-instar
larvae reared from each egg raft were used for
species identification. Laboratory colonies were
established from Cx. p. pipiens collected in Il-
linois, Cx. quinquefasciarus collected in Florida,
Cx. quinquefasciatus collected in Louisiana, and
Cx. p. pipiens (variant molestus) collected in
Rome, Italy. Mosquitoes were maintained at 18-
30oC, a photoperiod of 16:8 (L:D), and an RH
of 6OVo. Adults were provided with a lO-ZOVo
honey solution and were fed on quail l-2 times
a week. Eggs were collected and hatched as
needed. Larvae were reared on Tetramin
(TetraWerke, Melle, Germany) and rabbit chow.
Specimen preparation: Homogenates were
prepared from the abdomen or a leg of individ-
ual female mosquitoes. Single abdomens and
legs were homogenized with a Teflon pestle in
a 1.5-ml microcentrifuge tube containing 150 pl
or 50 pl, respectively, of STE buffer (l0O mM
NaCl, 10 mM Tris-HCl, pH 8.0, and I mM
EDTA). Homogenates were incubated for 5 min
at 95"C and then centrifuged in a Microfuge-E
(Beckman, Fullerton, CA) for 5 min at 16.000
x g, 4oC. Supernatants were transferred to new
tubes and held at -20'C until frozen. The su-
pernatants were then thawed, centrifuged for 5
min at 16,000 X g, 4'C, and transferred to new
tubes.
Amplification of the rDNA ITS region: The
primers used for the polymerase chain reaction
(PCR), rS52156f (5'   -CTGGGCTGCACGCG-
CGCT-3') and ILS228r (5'-GTTAGTTTCTTT"I-
CCTCC-3'), were selected to amplify a segment
of the rDNA with about 370 bases of the 3' end
of the l8S rDNA, the ITSI region, the 5.8S
rDNA, the ITS2 region, and 75 bases at the 5'
end of the 28S rDNA. Each 100-pl reaction mix
contained 4 pl of homogenate, 4.2 pmoles of
each primer,0. I mM each of dATB dGTP, dTIP,
and dCTP, 1.5 mM MgCl, lx buffer containing
50 mM KCl, l0 mM Tris-HCl, pH 8.3, andO.lVo
Triton X-100, and 2.5 units of Taq DNA poly-
merase (Promega Corporation, Madison, WI).
Reactions were incubated at94"C for 3 min, fol-
lowed by 40 cycles of 94'C for 30 sec, 4O'C for
I min, and 72"C for 1.5 min. For DNA extracted
from single abdomens, 3 100-pl PCR reactions
were pooled for each sample, and the DNA was
precipitated with 0.5 volume of 7.5 M ammo-
nium acetate and 2.5 volumes of ethanol at
-2O"C. The precipitated DNA was resuspended
in 50 pl of sterile water. For single legs, the
product of a l0o-pl PCR reaction was precipi-
tated with ethanol as above and resuspended in
1O pl of sterile water. Four microliters of each
sample was analyzed on a lqo agarose gel in I X
TAE buffer (40 mM Tfis-HCl, pH 8.0, 5 mM
sodium acetate, and 2 mM NaTEDTA).
Restriction analysis of PCR products: Am-
plified DNA (0.35 pg per reaction, as deter-
mined by ethidium bromide-stained gels) was
digested in separate reactions with Hae III, Hpa
II, Alu I, and Rsa I restriction enzymes (BRL,
Gaithersburg, MD). Several other 4-base recog-
nition restriction enzymes were tried, but only
the above 4 proved informative. Digested DNA
was analyzed on3qo or 5Vo 3:l NuSieve agarose
gels (FMC BioProducts, Rockland, ME) in I x
TAE buffer.
RESULTS
The region of the rDNA that was amplified is
shown in Fig. l. As seen in Fig. 2, the amplified
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